Introduction
High numbers of Lepeophtheirus salmonis Krøyer chalimus larvae have been observed on sea trout, Salmo trutta L. smolts returning in the early spring to west and north-west coast rivers in Norway (Birkeland, 1996) . Such early returns of sexually immature fish have not been observed in previous decades. The hypothesis has been raised that the infestations are a result of high L. salmonis levels on farmed salmonids. However, salmon lice infestations on sea trout in Norwegian areas free of salmonid farming have not previously been studied. Information on the background levels of salmon lice on sea trout is vital to an understanding of the impact of the parasite on wild fish stocks.
We have studied the occurrence of salmon lice, L. salmonis, and Caligus elongatus Nordmann on sea trout in two areas in Norway where no fish farming takes place. This paper presents the results from a study on fish from the inner Oslo Fjord, and on ascending sea trout in one of the rivers flowing into the fjord. An accompanying paper (Schram et al., 1998) shows the seasonal variations in sea lice infestations in the Arendal archipelago, Southern Norway.
Materials and methods
The study area was at the head of the Oslo Fjord, where the nearest salmon farm is more than 100 km south and downstream in the coastal current. Fish were sampled in the fjord and in the Askerelva river, and the distance between the locations was approximately 4 km. Sea trout in the area originate from several streams and rivers, the largest being the Sandvikselva. Sea trout were caught by electrofishing in the lower 150 m of Askerelva. In the Oslo Fjord, about 20 gill nets with a mesh size of 31-45 mm were used. The nets were placed in 1-2 m of water (just below the tidal zone) near the shore at dusk, and removed at dawn. The fish were cut free from the gill nets to avoid detachment of lice. The trout were put separately in plastic bags, killed by a blow to the head, and frozen. The fish were thawed within a few days, and examined under an illuminated magnifying glass. The plastic bag was examined for the presence of detached lice.
Non-parametric Kruskal Wallis tests and Spearmans Rank Correlations were used in the data analysis, except for normally-distributed data sets such as lengths and weights. The significance level was set at 0.05. Ecological terms follow Margolis et al. (1982) : prevalence is defined as the percentage of infested fish, abundance is the average number of parasites per fish caught, and mean intensity of infestation is the average number of parasites per infested fish. The distribution of parasites in the host population is described by the variance to mean ratio of intensity of infestation. The ratio is below unity if the parasites are evenly distributed, and approximately unity if the distribution is random. If the parasites are aggregated, that is, if most hosts have few or no parasites and a few have very many, the ratio will exceed unity. The distribution of parasites within the host population is of crucial importance to the outcome of host-parasite interactions (e.g. Anderson and May, 1978; Anderson and Gordon, 1982; Scott, 1987 Scott, , 1994 Esch and Fernandez, 1993; McCallum and Scott, 1994) , since the pathogenicity of the parasite depends on the number of parasites present on a host.
Results

Askerelva river
No sea trout were caught in Askerelva in May or June 1992, nor in May, June or July 1993. The first catch was made in August, both in 1992 and 1993 (Table 1) . The average length of the fish from the river was 245 mm (73.5 s.d., n=49). Eighty-two percent of these were not sexually mature. There was no significant difference between the mean intensity of salmon lice in each sample (p=0.14). Most infested sea trout carried only a few lice, while a few fish carried a relatively large number of lice. In the August 1992 catch, two heavily infested small sea trout (204 and 221 mm) carried 84 (43% adults) and 82 (46% adults) lice respectively. The fish appeared to be in a bad condition. This was also the case for two small sea trout (195 and 245 mm) caught in August and September 1993, which carried 50 (72% adults) and 33 (67% adults) respectively. The maximum prevalence of infestation in one sample was less than 50%. In August 1992, salmon lice were found on 9 of the 22 sea trout examined. However, 21 fish had skin damage in the head region similar to that found among the most heavily infested fish. In all samples taken together, 49% of the trout had damage attributable to salmon lice.
The ratio between chalimus stages and mobile (adult and pre-adult) stages varied greatly between the samples (Table 1) . Chalimus stages always made up less than 50% of the lice found, except in October 1992 when only 8 larvae and no adults were found on 15 examined sea trout. No Caligus elongatus were found on the trout collected in Askerelva.
Oslo Fjord
Sea trout were not caught in late spring and summer in the fjord, except on 15 May 1993, when three fish were taken. Summarized fish and lice infestation data are presented in Table 2 . The fish were significantly larger than in the river samples (t-test, p<0.001), with an average length of 426 mm (85.9 s.d., n=53). Ninety-two percent of the fish caught in the sea were sexually mature. There was no significant difference in intensity of infestation between samples (p=0.24). The most infested fish carried 29 lice, and the maximum prevalence in one sample was about 85%. The ratio between chalimus stages and mobile (adult and pre-adult) stages varied greatly between the samples (Table 2) . No sea trout had visible damage that could be attributed to salmon lice, and all fish appeared to be in good condition. In the August 1992 sample, three sea trout had one adult female C. elongatus each, and on 1 September one sea trout was caught that carried two adult female C. elongatus.
Comparison of localities
The samples were not significantly different between months and year within localities. Consequently, all data from the river were pooled, and the same was done for the fjord samples. The mean intensity of infestation on sea trout from the river was 19.9 parasites (median=7), whereas the intensity on fish from the fjord was 7.6 (median=4, Fig. 1 ). However, the difference was not significant (p=0.064). The average condition factor of the fish from both localities was 1.08, and there was no significant difference between them (p=0.31). There was no correlation between the condition factor of the host and the intensity of infestation with salmon lice when the data from river and fjord were examined together ( = 0.077, p=0.58). The distribution of lice was less aggregated in the fjord (variance/mean infestation=8.99) samples than in the river samples (variance/mean infestation=35.25, see also Fig. 1 ).
Discussion
In the Oslo Fjord, the surface water temperature usually increases rapidly in May, and this makes the sea trout move into deeper waters, out of reach of surface gill nets. This is probably the reason for the small catches in the summer. The sea trout caught in the Oslo Fjord were, in all samples, significantly larger than the fish caught in Askerelva, and most would have spawned in the autumn of the year when they were caught. These large, mature fish usually remain in salt water foraging until there is enough water in their native rivers and streams to allow ascent. In the Oslo Fjord area, the spawning sites of sea trout may be small streams or rivers that do not have enough water for the larger fish in dry periods. The presence of immature sea trout in the river shows the habit of these young fish to visit fresh water at intervals through the autumn. Such a behaviour would seem advantageous as salmon lice do not tolerate longer periods in fresh water, and to the extent that the lice influence the fitness of the fish, it would be selected for. Maximum prevalence of lice in Askerelva was not more than 50%, and in general lower than in the fjord, which may indicate that the fish spend time in fresh water regardless of the level of lice infestation. This is supported by the finding that the mean intensity of louse infestation was not significantly different between the two localities. The trend was, however, that the sea trout in the river harboured more lice. The parasites from the river were also more aggregated, giving a higher index of dispersion.
The lice numbers reported have two main sources of bias. First, it is possible that the stay in fresh water had already reduced the lice levels in the river. Second, the use of gill nets underestimates lice numbers as opposed to sampling of individual fish (Nagasawa, 1985) , so the trout from the fjord probably have had more lice than we recorded. The balance between these two biasing factors would determine the difference in lice loads between the two localities. An additional factor is that the fish caught in the sea were significantly larger (and older) than fish caught in the river. Larger, mature fish and immature sea trout may stay and feed in different areas and at different depths (Knutsen et al., 1994) . As salmon louse copepodids undertake diel vertical migrations, staying near the surface at day and dispersing down at night (Heuch et al., 1995) , trout of different age may experience different infestation pressures. Moreover, the fish may develop a certain degree of resistance to salmon lice as they are repeatedly exposed to the parasite, as has been demonstrated for hosts of the fresh water parasitic copepod Lernea cyprinacea (Woo and Shariff, 1990) . However, no conclusive evidence has been presented that would indicate a strong specific immunity against L. salmonis in sea trout or Atlantic salmon (Grayson et al., 1995) .
In the reports of premature return of sea trout from Norwegian (Birkeland, 1996) and Irish (Tully et al., 1993a, b) rivers, the examined fish had returned within a few weeks of entering salt water, in June-July. The trout were emaciated (Tully et al., 1993a, b) , and heavily infested with chalimus larvae, only few adult lice being found (Tully et al., 1993a; Birkeland, 1996) . This contrasts markedly with the data presented here. In Askerelva, no fish were caught at the time of year when premature return was recorded in the studies mentioned above. The proportion of chalimus stages was always below 50% except in one sample, where 8 larvae and no adults were found on 15 sea trout. Some heavily infested trout were found in the river, and at one sampling most of the fish had wounds that could be ascribed to salmon lice. However, the condition factor of the fish was not correlated with louse burden. The results of the present investigation are more similar to the data of Sharp et al. (1994) on salmon lice on sea trout from a number of Scottish rivers, where there seemed to be no linear relationship between louse burden and condition factor.
The intensities of infestation found in the Oslo Fjord are comparable to those found by Schram et al. (1998) on sea trout from Arendal, Southern Norway, at the same time of year. These areas are not influenced by salmon farms. Data on such natural sea trout-salmon louse systems are vital to gain understanding of the impact of salmon farms on natural fish stocks. An assessment of the salmon louse infestation on sea trout in the marine environment near fish farms will now be necessary for comparison.
